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ABSTRACT 



A new type I R detector was constructed, employing a short 
circuited thermocouple to generate a magnetic field to deflect an 
electron beam onto an indicator. Thermocouple parameters and the 
magnetic deflection of the electron beam by a coil of wire, a loop 
of wire, and an internally mounted thermocouple loop were determined <> 
Feasibility of such an instrument is established conditionally upon 
the construction of an electron gun with a well focused electron bcam« 
This thesis was written at the United States Naval Postgraduate 
School, Monterey, California, during the period August 1959 through 
May 1960. I am indebted to Professor S. Ho Kalmbach for his guidance, 
assistance and patience as a faculty advisor; and to Professor Ao 
Cooper for his valuable assistance. 
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1, inLrcauction • 



infrared i.*- an electromagnetic radiation generctea by molecular 
theimal action ivithin an object. Tlius object \'hose tea.'^e nature 
is at:ove < i solute zei’o, genei*ates inirarea energ;^. Vvhose frequency 
ranges from approximately one udllion to i>OU i iJlion me^ acycleso 

All the infrared enei'gy from a source iu ringing on a receiver 
is not detected. The receiver being the colder body becomes heated 
because^ due to its lov^er temperature it radiates less heat than it 
receives from the source v.'hich is at a higher temperature o The re- 
ceiver reflects some of the incident energy and absorbs the resto 
Fart of the absorbed energy is re-raaiated by the receiver^ part is 
removed by convection and part by conductiono The best one could hope 
to detect as there are no perfect absorbers^ is the iiiCiuent erergy 
ii.inus the reflected portion minus the energy reradiateuo 

h black body represents a limiting case never cjuite reached by 
an actual tod./. A black bouy absorbs all thermal radiation striking 
it and is also a perfect radiator, a.11 other bodies are called gi’ey 
bodies. The dtefan~bolt 2 jnarin lev. states that the aii.oxmt of radiation 
from a black body is proportioncl to the fourth pou-er of the absolute 
temperature. ^ 

4 4 

Wt= Agcr ( Ts - To ; 
vthere ; Kg i.s the erea oj the source. 

(P is the btefan-boltzmann constant. 

Tg is the absolute te^oeiature of the source. 

Iq is tr e absolui e terr.pe mature of the surrounaings. 
i 

V.K. Faires, Apoliea Therii.oaymmics, pp. A5? - 439. ihe 
iiacrjiillcn Comocnj , 19 
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Th inl'i’c reu enei'^. rcuictea by an object is not Juorio chromatic o 

rho sproav^s over a v.icL^;; vavelcn^^tii xan^e aiiu is distrii uteu 

riom.iniforml> tiircu, hout this range going throi * a im > ii; ur;. vaxue ct 

some v^avelength A/>ti # detexTidnea ty the OL^;ects temr^ercture cne* 

for a black body is equal to one liicron vhen the ulackbody tei.p rat- 
o 2 ^ 

ui*e is 2b9V h. This is knov.n as ahe .den eisplacement ie: 
as the teiiinerature of an object incieasos, the peak radiation shifts 
to shorter v.a\e lengths. 




bhere T s the absolute temperature of the black body. 

Atmospheiic absorbticn lirriits the transnission of irui’area en- 
be Vjcll defined vvavelengths vith the greatest viraov-' ketv.een 
eight and 13 microns vhich is the far infraied { Fid J re^^ ion of 
the inlrared region of the sp^vCtruin. For irdlitary applications^ 

FIK generally refers only to the above windovv. ThivS investigation 
will be prime rily concerned with the eight to thirteen micron vdndow. 

Thermal detectors are generally passive aetecticn systems ir 
that the^,. do not tiansidt a signal to be bounced off a target as 
radar systems do. ror this reason a thermal uetector cannot give 
rai'ige directly, when several detectors are utilised for triangu- 
lation, the range may be aeterndnea but the accuracy fadls olf 
vdth increasing range. HoW'.verq passive systexs ere aifiicult to 
jam cir\a make less strict aeiiianas than active s. sterns regai'ding 
weight, space reCiUii'eii.cnts, r^ov e. neea^ , complexity ana mainten- 
ance. For these reasons an ii' tensive effort is being made to ae- 
2 

dmith, Jones and Ghastier, Ihe detection ana Keasu. ex.eiit of 
lnfra-r.ed nadiation, p. 309 ^ Oxforu 1937- 



2 . 



V ±or f 



nr 



P. 1 t etc • 



iniiL u u t<.c'ort iiiuse are pi*iiucr-l.y ^'1 tx i olo- 

meteiv, n*,otocox*^.uctoi iivo. tne ji.ocourle t. ^ j: . The I oxciti ‘ tei* 3.s c 
LicCiv^n>.v liLbcri oi Ji.etai vrich a: sorts incoi..inc; rai. iatiori cna 
changes it to heat. ihe lise in tei.ioej. atrue ali'^ cts the electri- 
Ccj jesistaiiCe ariu the va/iation j.s usea as a L.eacure of incident 
raaiation. 'i'he theimistor bolometer utiJises a sei’ iconauctor that 
is not pnotosensitive . h large aron ir resistance is cauteu b the 
inciaent lauiation. 'ihe thexiijstor col^>me. i’ a . ia.^ i cx u xe=“ 
SDonse I ut is liot as seiisitave as the photesensitive ser-dconauctor 
aetectoi’s callea or otcccr.uactoia . the loi^Xi.ocer is caoatle oi’ 
ir i irtg ir> the rlri bat lacKs the aesired sensitivityo Photocerd ctors 
are os. a in uh r^ai* tna int r;..eaiate i‘e^:jons of ihe in/ n. leo s'^'OC’- 
ti*o.. . ihe incident energy absorbed Ly the photoe -^risilive sei.dcon- 
ductive materiax chan/ es the c^nauctivity of the ser.dconauctor ana 
the change in conductivity is used as c measure of the aincunt ol‘ 
ra..tic0^on absorbeu i. the Uedector. borne nhotoconductive materials 
bein^. useu are leau sulfiae, lead velxuiiae, leaa selen.i.a^ ai a ,er- 
..ci iuiii. ihe photocrriUbctois ir^crease their sensitivity ana vave- 
lengtn resronse oh .n they are ccf'lsa but also suifer an ir:crease 
xn th d 1 * time coriStaj t vhich is unuesii sable. The necessit for 
cell cooling shouli.* le avoiaed ihei.vei* ■no^iiil for adiitary 
plicctions tut vithrut coolin/ it seems unlikely that ohctcconuuct- 

> 3 

i’onaaii.entcds of lnfr‘area ici* tiiiitary Aopiicationa (b;^ lleb« 
iiir tbree Project riand^ op. 1-^2 ^ i^.-29V ( Confiaentiai j. .arch 

19 :b. 
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Ir.cJ. ilai-s^ 1;. oysteru aesignei races hurdles, 

.<eeh , X c x ch jlI, , 
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crs Kill ever be useful in the FIk region. xt.esearch is still being 
conaucted in the hope of finaing a photosensitive semi conductive 
material that v/ill yiela a sensitive detector in the FIR region. At 
present v;riting, no such material has been found. 

The thermocouple consists of a pair of thermoelecuric junctions 
v.'ith one junction blackened to receive the incident radiation. The 
normal system of detection utilises the thermocouple as a source of 
voltage to be amplified and then measured. The thermocouple covers 
a wider band of the infrared spectrum than the photoconductor cells 
but requires considerably iLore incident energy for optimum perform- 
ance^ ie; is less sensitive than the photo conductor cell but does 
operate in the FIR region. If some means could be found for improv- 
ing the sensitivity of the thermo couple the need for a detector 
that is capable of detecting objects a fev; degrees above ambient 
temperature would be satisfied. At the present time there are no 
detectors in the Fin region with the sensitivity of the ones de- 
veloped for use in the near and intermediate infrared regions. 

TTie detector constructed for this thesis utilizes a short 
circuited thermocouple to generate a magnetic field near the path 
of an electron beam. The deflection of the electron beam results 
in a measurable current at the indicator which indicates the pres- 
ence of an infrared signal. 

The purpose of this investigation is to constiuct and deter- 
mine the feasibility and limitations of such an infrared detector 
in the FIR region. 
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k. Thci Infrared Jetector. 

The infrared detector ( Kig«l ) consist e-, of c iovi velocity 
electron gun^ a thenaocouple and vjire loop, a long electron beam 
tube and a deflection indicator. These will be discussed separ* 
ately in subsequent sections. 

Since the sensitivity of the detector depends on its ability 
to indicate small deflections of the electron beam, it is import- 
ant that the beam maintain its integrity during its passage aovn 
the beam tube. To prevent distortion of the beam it was necessary 
to construct a vacuum system enclosing the ware loop, electron gun 
ana indicator in order to decrease the mean free path ( ; of the 

electrons . ( At a pressure of 3«5 x 10 mm of mecury 150cm and 

-6 ^ 

at a pressure of 10 mm of mercury 65 meterso^ Since the meas- 
ured distance between the electron gun and the indicator w;as 77*5 
centimeters, it became obvious that the vacuum wrould have to be 
3.i X 10 mm of mercury or better in order to achieve satisfactory 
results. 

The necessity of maintaining a vacuum of the above order of 
magnitude complicated the construction of the components as soi't 
solder could not be used for electrical connections and all leads 
had to be through uranium glass seals in order to ensure a good 
air tight bond of glass to metal. The use of emery cloth and ace- 
tone V'as found to be effective in removing the fliix from the silver 
solder connections and once the technique of glass blowing was 
mastered che vacuum system was constructed. 

In spite of the vacuum, some dispersion of the electi-on beam 

is Lo be expected. The finite si 2 e of the emittei’ and the force of 

repulsion betveen the electrons due to their like charges will tend 

5 . 
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to cause the beun to spieau as it travels dovn i,ht; tube. For this 
reason, an eJectron vith a r>ood focus ana a small eLiitter sur- 
face v.as required o 
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3. ihe Indicator. 

For indicating the aeflection of the electron beam, tvro parallel 
copper plates v.ere suspended through a ground glass joint. £.ach cop- 
per plate \ as silver solaered to a tungsten wire that passed through 
a uranium glass vacuum seal. By sealing the two wire lead pinch to 
one piece of the two piece ground glass joint, the attached copper 
plates could then he rotated inside the evacuated tube. The above 
suspension of the copper plates placea them approximately perpendic- 
ular to the electron beam ana separated the plates, ie. no electric- 
al path between the plates. 
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With the electron gun turned on ana the infrared source shielded 
from the thermocouple, the coppex' plates can be rotated until n1 1 of the 
electron beam is striking the grounded plate ( bee fig. 4 for electrical 
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circuit^. Then by use of a large wire coii placed in front of the plates 
outside the tube, the electron beam is adjusted onto the knife edge for- 
mea by the overlapping copper plates. The plate connected to the galva- 
nometer through the aryton shunt then will have an increment of the beam 
incident upon it with most of the electron beam on the grounded plate. 

iilectrical Circuit of Indicator 
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It is necessary to have an increment of the beam on the non ground- 
ed plate in order to insure that any deflection of the beam will result 
in a measurable current. If the plate does not have an increment of the 
electron beam, there is no way of knowing whether or not any deflection 
of the beam will result in a current as the beam may not be on the knife 
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edge. The uef lection of the galvanometer caUwSea by the increment of the 
electron beam can eithez be recorded as a reference current or effective- 
ly removed by re zeroing the galvanometer o 

Once the knife edge adjustment of the beam and subsequent zeroing 
of the galvanometer have been made^ the shielding betv;een the thermo- 
couple and infrared source may be removed and the deflection of the gal- 
vanometer recorded o In this manner ^ one is able to obtain a plot of bl- 
ack body temperature versus the current caused by the deflection of the 
electron beam ana determine the minimum biack body temperature above am- 
bient that can be detected with this detectoro 
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4 • The Therj^iocouple . 

Ihe 1 h energy incident on the gola foil receiver of the theimo- 
couple generates a voltage ( emf ) at the thermocouple junction o 
If the thermocouple circuit is short circuitea^ a current -will flow 
in the circuit* The original idea was to construct a thermocouple 
loop of bismuth ana bismuth Tin extruded wires of oOOlO inch and 0 OOI 3 
inch diameters respectivelyo By mounting the thermocouDle on a copper 
cylinder the theriiiocouple would be short circuited and the current 
would flow in the loop formed by the two wires and cyiindero The cur- 
rent in the loop generates a magnetic field near the loop and should 
cause a deflection of the electron beam by the following equations 
.F s: e ( K + V X B > * 

4here: F = Force excerted on electron 

e = Charge of electron 
iii= Electric Field 
Er Magnetic Field 
V= Velocity of electron 

Since the deflection of the electron beam w’ould be proportional 
to the magnetic field generated by the current^ it was decided to con- 
struct the loop as small as possible in order to minimize the electri- 
cal resistance and thus generate a maximum magnetic field <> Bismuth and 

its alloy of tin were selected because of their excellent junction therm- 

6 

oelectric power of 90 microvolts per degree centigrade « _ 

5 

LoPagej, Introduction to Theoretical Physics, po444^ Bo Van Fiostrana 
Company, Inc; 1947- 

6 

VfoLpBoakes, An Investigation of Infrared detection by Electronic 
Scanning of a Thennocouple, pol2. United States Fiaval Post Graduate 

School, 19 5^“ 
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The Proposed Themocoupie 




uue to the small size ol the thermocouple assembly^ special hand- 
ling tools haa to be maae, a micromanipulator ana a miniature heater 
to melt the solaer were constructed^ and a aouble ocular microscope 
pro cured o 

o 

Since the melting point of wooas metal is 73 C ana that of bismuth 
o 

271 woods metal was used as a solder and zinc chloride usea as a fluxo 
No difiicu-tty was encountered in soldering the wires to the copper cy« 
linder once the technique had been mastered but 1 was unable to solder 
the two wires together as the flux failea to wet the solaer and the pro- 
ject haa to be abandoned aue to lack of time to pursue the problem fur» 
there 

A thermocouple manufactured by Farrana Optical Coo Inc; Traaeraark 
FOCl^ mounted in a sealed metal container with a crystal lit Transparent 
vdndow was procured { see fig 06 )c The crystal winaov. woulu absorb 
vjater if exposed to the atmosphere and so a container was manuiactured 
to contain the thermocouple and aessi^anto A glass tube was joined to 

12 o 



the forepumo ena of the vacuum system and connected to the thermocouple 
housing by means of a rubber stopper and glyptol in order to improve 
the thermocouple response timeo 







6 

ho specifications Kere available for the thermocouple and its 
operational status was unknorao Therefore^ before utilizing the 
thermocouple to generate an emf and deflect the electron beam^ the 
thermocouple had to be checked to determine if iL was operational and 
what its parameters wereo 

To aetermine the area of the blackened gold foil receiver^ the 

thermocouple was placed under a traveling microscopeo The receiver 

was a square ?o5 x 10 ^ meters on a side vvith an area ( Ar j equal to 
-7 

X 10 square meters o 

For the calibration of the thermocouple^ an Ih source ivas requir- 
ed that would generate IR energy at a known temperature ana emissive 

13o 



area at a fi:xea aistaiice froru the thermocouple « ( bee section i, for In 

source )c The emissive area ( ) and the distance ( D ; separating 

the source ana thermocouple were measured and found to be: 

Ag = 2 o 01 X 10 square meters • 

J = 0 O 4 I meters* 

V»ith the In source turned on at a constant tempei’ature^ the thermo- 
couple may be considered to be a source of emf * by connecting the ther- 
mocouple to a known resistance in series with a galvanometer^ the intern- 
al resistance ( j of the thermocouple ana the emf or open cii-cuit 
voltage ( J may be determined* 
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Connecting the circuit as shov.Ti in figures 7 and 8 results in the 

folloifting equations ; 

einf =.1 ( it R ^ ft ; 

1 tig 

emf = ( R^ +• R 

solving simultaneously* 

Rt = ^2 ^ ^ ^ \ ^ 

( II - ) 

14 c 



V.here: 2U ohnis 

o 

2U ohms 

Gonsiaerable difficulty was experiencea with the galvanometer move- 
ment due to environmental noise, in an attempt to minimize the ranaom 
fluctuations of the galvanometer^ measurements were taken at night until 
0400 hours with no noticeable decrease in the fluctuations o 

bince the deflection of the galvanometer was only several orders of 
magnitude times the zero drift when the IR source was near aiibient temp- 
eratures^ it was decided to operate the IK source at temperatures great- 
er than twice ambient temperatures in order to minimize the error in 
reading the galvanometer. The critical damping external resistance for 
the galvanometer of k 30 ohms was felt to be more than the external re- 
sistance used. For this reason^ the galvanometer was believed to be o- 
ver damped, bince the period of the galvanometer when critically damp- 
ed was seconds^ measurements w^ere taken at ten second intervals. 

The data obtained appeared to be consistent until was computed yiel- 
ding values of one to 103 ohms for . A plot of the period of the 
galvanometer indicated that readings should have been taken at intervals 
of 50 seconds. 

an additional source of error was felt to be the shutter used be- 
tween the themocouple and IK source. The thin shutter of galvanized 
steel was replaced with a quarter inch slab of aluminum as it was felt 
that the thin shutter rose in temperature due to the IK source. The 
use of a heavy aluminum shutter of greater surface area enabled the 
shutter to remain at essentially a constant temperature. The shutter 
was operated by a pully and string manually and although not the opti- 
mum arrangement^ consistent results were obtained. 

o o 

Operating the IK source between 50 - 65 ambient temperature 
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at C ^ average internal i*esistance {, ave ) was compu- 

tea to be 13 oU ohmso 

ConiDuting £j at: T 323^ K 

^ o s 

T 2960° iv 

o 

ol4b3 iiiicro amps 
3o3 X volts 



yields : 



I\iov^ that has been obtainea^ it is possible to comoute the re« 
SDorisivity ( j of the thermocouplec Uesoonsivity is defined to be 
the ratio of the open circuit voltage ( ; to the radient power in- 

cident on the receiver ( 

S a i^o 

by the btefan-boltzmann i^aw, the energy transL*ittea ( ; by a 

black body is: 






3 



J ^ 4 A cr ^ Tg-^ ; ( T 3 - To ) 



The energy received ( ) is a function of the solid angle be- 

tween the source and the receiver: 

V»J._ Aj. Ag 4(T ( Ts^ ) UT ; 

4 

but the energy radiated from the Ik source is subject to absorb- 
tion by the atmosphere. The energy containea between eight and thir- 
teen microns is approximately 29 percent cf the total radiated at 36U^ 
k but atmospheric absorbtion reauces the aetectable energy to about 
20 percent. 

Therefore: 3 0,2 Wj, 

u — 0O4I meters 

n 

z: 5o 625 X 10 ' square meters 

Ag X 2o01 X 10 ^ square meters 

16. 



and where: 



(J ~ =• 5»6b9 X 10 watt / square meter 

Tg= 323° K 

To-2V6.3° 



Then 


21.83 


~8 

X 10 watts 


Ana 


s^r 24.3 


volts 






watt 



o 



k 

K 
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5o The lit bource^ 



The lit source usea for calibation of the thermocouple v.as the model 
It 5 “ 1B/TC--1L from barnes Engineering Company. This source is reputed 
to be very stable and capable of maintaing a constant radiating surface 
temperature unaffected by changes in ambient temperature, line voltage 
variations ana transients, tube aging and replacement of individual com-» 
ponentSo The temperature desired v^as set by use cf a dial on the control 
box and v^as direct reading o 

The source consisted of a blackened aluminum conical cavity have=“ 
o 

ing a 14 apex angle and surrounded by spaced heating elements to main- 
tain a uniform temiperature o The opening of the cavity was measured 
with a micrometer as being UoC 29 inches in diameter yielding an area 
( Ag ; equal to 2<,Ul x 10*^ square meters. The distance between the 
thermocouple and the opening was measured from the inside of the cav- 
ity as being U 0 I 4 I meters. 
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6 c The iilectron Guru 



A low velocity electron gun yielaing electrons ol' approximately 
100 electron volt energies in a narro^v beam was aesireuc Unfortunate- 
ly no such electron gun coula be founa ana iL was aeciaea to use the 
electron gun from an oscilloscope tube insteau® a bylvania 5bPl was 
obtainea whose anode voltages were 2200 and l^lOO voltso It was hopea 
that by using much lower voltages the beam could still be focused and 
that the gun would be suitable » The i)bPl had four deflection plates 
which could be utilized for deflecting the beam into the vicinity of 
the thermocouole wire loop. 

The gun was extracted from the evacuated glass envelope by wrap- 
ping the glass in masking tape^ placing in a caraboard box, and plac- 
ing an oxygen torch flame onto the glass face to break the glass o Ihe 
gun had to be removed from the glass envelope because the glass was 
not pyrex ana could not be joined to a pyrex vacuum system even with a 
uranium glass seal. 

A spacer was cut out of fiber glass material to separate the wires 
and position the gun inside the new glass envelope o Ihe necessary fi- 
berglass material was purchased at a boat store and a sample spacer 
coated with fiberglass placed in an existing vacuura system with no no- 
ticeable effect on the vacuum system down to lU ^ nun of mercuryo 

defective vacuum gages ( type VG-IA ; were cut in half as each 
had four lead uranium glass wire seals and the electron gun required 
eight wire leads into the vacuunu The cut pinches were cleaned with 
acetone, copper wires silver soldered to the tungsten wires, porcelein 
insulating beads placed over the copper wires, and the pieces of glass 
joined together to form the necessary eight wire leads into the vacuum 

system. A simple task for an accomplished glass bloiver that required 

19 o 
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a liionth or efi'crt on my part until the technic^ue was ncstereuo 

The ^dectron gun then v.cs joined to the VcCtum system ana the vac- 
uum turned on uepairing the leaks ana repairing the uaraage aone by 
repairiiig the original leaks took a consiaei*able amount oi time measur- 
ed in months but the vacuum was finally maae leak proof and a pressure 
of 1.1 X lu~^ r/irn of mercury ootainea with the electron gun heatei* at 
o.i volts. The power being suppliea by two 6 volt i^dison cells and 
variable resistors in series. 

io determine if the cathoae was emitting electi*ons^ a milliamp- 
meter was placed oetw-ecn the anode and cathode of the electron guno 
The heater voltage was brou,-ht un to 6.3 volts and the potential te- 
tween the cathoae ana anode varied between zero and 3^0 volts DoG. At 
no time was there an inaication of current on the millismpmetero It 
was deciaea that the cathoae was not emitting electrons and another 
gun would be requii*ea. 

An electron gun was obtained from Stewart and Company of Santa 
Cruz that produced a hollow ream of electrons focused by a nickel cy- 
linder called the focusing lens. The gun was reputed to be capable 
of focusing the electron seam with an overall difference of potential 
between the cathode ana lens of approximately 150 volts. As this 
would produce a low velocity beam of electrons^ the gun was felt to 
be suitable except that no means were provided for deflecting the be- 
amie; no deflection plates on the gun. It Vv?as felt howerei-^ that v;ire 
coils mounted ex:ternally to the vacuum system ana near the gun would pro- 
vide the deflection required ( see section 7 ana 8 jo 

Jue to thedifficulty encountered with making a glass envelope 
with wii'e leads for the first electron gun^ it was decided to have 



i'iX‘o in Palo idto, enclose the gun in glass, hr i^umas agreea to 



ao the glass Llouix g ana a v.eeK latex- the gun va.s i-eceivea iii its gla- 
ss envelope o Per agre‘c;merit, the spacers v.ere niaae of mica sneets 
arillea and cut to size and the glass envelone was enlarged at the 
open end to facilitate the joining of the gun to the old apparatus^ 
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The lirst electron gun was reinovea from the vacuum system and 
hhe long beaju tube vasheu out v>ith acetone. The electron gun enve~ 
lope was then connected to the tubCo The air used for glass blow- 
ing v.-fcs first pas sea through two liquid air traps to prevent mois- 
ture from conta minating the new apparatus. 

The vacuum system was turnea on ana an inauction heater used to 
heat up the electi'cn gun» Hot air was passed over the vacuum system 

to remove any water vanor inside the system. After two days of bak- 
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ing out ty ttds ir*'-;thoo , the pxese^ire uoun to 3<>^ ^ ir.er<* 

cury ana the activaticri of the inaij-ectly hcatea cathode v;as Leguric Jt 
should be rioteci that the inauction heatei- coulu not be usl^q ith the 
fii*st eiectroii g;un because i'iberglass spacers uere us^a uhich ucuia not 
stand the tenceratures necessary to ae-gas the metal componertts ol* the 
electron gnn. 

The con^^e^•sion ol* the cathode is brought about by i*aislng the tem- 
perature of the heatei* beyona the normal operating tei.^peraturec The 

neatei' operates at 6.3 volts aftei* conveision and at a pressure equal 

— c 

to or less than 3 ^ lb nun. Jhe ^/oltage on the heater vas brought up 

-4 

slov.j.^, to V.3 volts inaintainirig the pressure belov 3 x lu mm. t»hen 
the pressure approached 3 lb ^min the heatei- Vcs turiieu off ana the 
piocees repeateu until the heater could be bi'oUf^ht to \/olts c.na 
have the pressure less than 3 >> lb At this poir>t the heatei* vas 

left at V-3 volts for tver*ty nirjutes then reduced to 6,3 voltes, rv j il- 
liampn.eter vas ir;sertea betvveen tiie anoae and lens vith a voltage oi 
9b voIt s betv.cen the anoue ana cathode ariu heater voltage at b,^ volts 
to ueteimine ii* the catiioae hau been converted, a currer.t of Ooi mil- 
iiaji.pers v-as read indicatirig that the cati(Oue vas emitting electrons 
cifid the activation of the cathode \vas successful. Ihe ccnversicn pro- 
cesf v.as repeated latei* for 3b lainutes vith no increase in the iroic- 
ated curi'ent sc it vas felt, that the cathode vas fully activated ana 
no I'urtfier convt^rsion vas attempted. 



^ 1 , 



Vo Focusing the iiilectron i,e&n*o 

The electrons eijdtted by the electron gun had to be locusea into 
as small a beam as possible in order to achieve maximum intensity at 
the indicator plates Wo^) centimeters av^ay* The focus lens ana indic- 
ator v.ere placed at the same potential relative to the anode. The an- 
ode vas alvays kept positive Vvith respect to the cathode« The heater^ 
cathode ana heater shield \^ere connected externally and maintained at 
the same potential. Various combinations of potentials on the above 
components v;ere then tried in an effort to obtain a deflection on the 
galvanometer connected to the indicator plates. Ko movement of the 
galvanometex* 'was detected until the anode, lens and indicator plates 
were placed at the same potential of 270 volts posiuive with respect 
to the cathode o The reaction was almost immediate and violent in nat- 
ure as all recording ir.struments went ofl' scale. The current between 
the cathode and anode exceeded lo milliampers, the galvanometer indi- 
cated a movement far in excess of 50 millimeters and the vacuum degen- 

-6 

eratea from 6.2 x 10 mm to 10 mm. The heater was turned off immed- 
iately, the scales on the instruments changed, and the procedure re- 
peated several times, ihe readings on the instruments decreased with 
each succeedirg run until finally the anode current was O.^l the 
galvanometer deflection was zero and the pressure was l.B x lO^^inmo 

In an effort to discover the cause for the decrease in the anode 
current it was noticed that one of uhe indicator plates now' haa a br- 
ight oval spot approximately half a centimeter in diameter located ap- 
proximately a quarter of the way up from the bottom of the plates. 

As the In source ceased operating prior to the above runs, it was 
repaired before anymore runs were made to ascertain the effect if any 
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on the galvanometer ael’IecLion. 

Ihe aecx*eat>e ir. the unoae current vas I'elt to be auu to the theriiio- 
couole vjire loon projecting into the long team tube as in haa been lelt 
'Tloating^. The loop v\as placeu at the same potential as the cnoue, lens 
anci inuicator to prevent the nuiloing up of a negative charge aroiuria the 
loop* 

ihe size of the shiny spot on the inuicator plate led to the belief 
that better focusing uas neeued anu a metal open enuea cylinder v;as con-^ 
structed to fit snugly aroimd the glass tube just after the electron gun* 
it Vvas hoped ..hat application of a voltage to the cylin(<er uould result 
in additional focusing oi the beam* 

The piw^ous runs ivere i-epeateu ueirig various voltages on the cy- 
linder vvith the following results* The deflections of ihe galvanometer 
were increased, the curi*ent between the cathode and anode decreased and 
remained constant for each run between 0 ^ 0 1 > and UvU? ma and the pressure 
rose to 3 08 X lu '^mra* The wire coils were able to deflect the beam un- 
til a zero deflectiori was read on the galvanometerc howev<^r teii^oerature s 
between ana 20u^C on the Irl source failed to deflect the beam* The 

optimum voltage foi* the metal c;yliriaer was determined to be - volts 

with respect to the anoae* however the above deflections coula only be 
detected when the pressure was at 3 -b x lU ^mm which exceeded the recom- 
raenued operating pressure for the heater* The problem of operating the 
gun at higher than recomiaenaea pressures was solved however by the abrupt 

termination of deflections on the galvanometer, the simultaneous drop in 

-b 

pressure to 3 x lu ljii and rise in anoue current* 

bubsec;uent runs only gave a brief deflection of the galvanometer 

v;hen the heater was first tuined on* a. maxinium deflection oi inm w^as 

only obtained near previous settings of potentials see figo lu ; for 
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electriccl cirx'uit }. ihe virt coils vere capcicle oi retumirr' this 
aerioction to zero 

ue\oi‘sirig the battery leads reversed the airection oi* the magnetic 
field and thus reversed the airection of the force on the electronso 
ihis i*esulted iii an opposite movement on the galvanometer^ \«hen too 
much foi*ce \^.a.s being aoplit;Uj, the beam mcveu off the plate entiielyo 
( The magnetic field excerted by the coils is experimentally aeterminea 
in section So ) irom zero to 2«8 amps v;ere placed upon the coils v'lth 
no incr'ease in the uellection on the galvanometero The coriclusicn 
arav.n from the above is that the beam of electrons never v:as locusea 
or that the Learn brought to a focus too soon and theii divex'gea mak- 
ing it imncssibie to incxease the intensity of the electrons at the in- 
dicator* 
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So Kagr.etic jjefiection oT lh« liilectron Leciiru 

in oiaer to determine the capabilities of the \ ire coils> tiie thei‘-‘ 
mocoupie \vire iooo and the proposea thermocouple ( bection A ^ fig^ J in 
aeflectin^ an electron beam^ the magnetic field the electrons passed th- 
rough v;as aetexmdned for the vjire coils ana computed by analogy for the 
tire loop ana the proposea themocouple • 

bince the force e>.certea on an electron iss 
F — bev 

The impulse thich equals the change in Momentum iss 
Jfat = bevt 

Then the change in momentmn of the electron caused by the force ^ 
aivided by the mass ol' the electron results in the chcUige ol‘ \e±oc±ty 
of the electron, ie; 

A v= bevt 
m 

The angle of deflection of the electron beam is thens 

-1 -1 / , 

G= tan id V — ten j bet ) 

V V m / 

The magnetic fieid, generated by a current in a coil of wire at a 
distance equal to half the reaius of the coil irom the center of the 
coil can be computed by the following formulas 
3o2¥hl 
a 

Inhere: h = the number of turns of wire 

l=the current in the wire in ampers 
a* the mean radius of the coil in meters 

however^ the average magnetic field t B j that acts on the beam 

a 

of electronsis not equal to because the field intensity will decrease 
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vdlh aistance from the coil. In order to deteimine bg, a very small coil 
of iviie viith tvistea leads to a galvanometer v.as placed pai-allel and op- 
posite the center of the large vdre coil and at a oistance a/2 (, ?lcm; 
from the coil, by moving the large coil to positions along a line par- 
allel to the small coil, the current induced in the small coil can be 
measured on the galvanometei-. 

Since the current in the small coil is proportional to the magnetic 

field of the large coil, vvhen' the small coil is at the centei- position 

vjhei-e h is knopn, the current (, 1 ^ has a one to one cori'espondence 

c c 

v«iith h and other values of the current can te scaled to this reference 
c 

value p 

By plotting the current or dei’lection on the galvanometer versus 
the parallel distance ( r ; betv.een the centers of the large and small 
coils ana graphically determinir.g the area under the curve ( the 

average magnetic field ( B- ; betv/een any two values of r may be deter- 
mined * 



^t 

Vvhere: A^ — the area contained in the rectangle lit 
The experiment as describea was performed and the plot of galva- 
nometer aeflection versus aistarice obtainedo ( figoll j The same dis- 
tribution of magnetic fi^^lo strength v/ith distance will be obtained for 
different currents anu numi^er of turns <> Since the oruinate of the curve 
is proportional to and the length to the radius ol the coil^ the curve 
can be scaled to fit different si^e coils « 

It shoulo noted that figure 11 is only half of the curve and that 
the electrons would have a force exerted on them over a distance of 
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twice that shown on figurelJ o i^-egiecting that portion of the art^a Le~ 

tween 75 cm, as it is small in coniparison with the area betveen 

zero ana 4,5^ the effective length of the magnetic field is centi-* 

meters or 7*87 times the radius of the coil. This scaling factor will 

be used later to compute the deflection of the electron beam by the 

thermocouple wire loop and the proposed thermocouple loop. 

Since the time the electrons are exposed to the force generated 

by h is inversely proportional to the electron velocity, the veloC“= 
a. 

ity of the electrons causea by an accelerating potential of 247® 5 volts 
must be determined. 



Vvhere: v = the velocity of the electrons 
e =: the electron charge 
V = the accelerating potential 
m= the mass of the electron 

yields: 



The area under the curve in figure 11 was aiviaed into tw-o nort- 
ions, ie; from zero to 15 cm and from 15 to 45 cmo Since the magnet- 
ic fielddistribution is twice figure 11, this resulted in four areas 
and four increments of deflection over a 90 cm path ( see fig, 12 ) <, 
Solving for where: 





N= 200 turns 



1 “ 28 milliamperes 



a O 0 II 45 meters 



Yields : 



0o219 gauss 
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Substitution of the values for L anu v into previous formulas^ 



yieluea the results tabula tea in Table 1 for the large coil. 



r^to r^ 


-45 cm to -15 cm 
■fl 5 cm to t 45 cm 


-I5 cm to zero cm 
zero cm to -fl 5 cm 


( Squares ) 


235 


1921 • 


( Squares ) 


5520 


2760 


h ( Gauss ) 
a 


0O665 


0I525 


/ 8 / 

V (xlO cm/ sec) 


0O343 


0 

c 


TAA 6 


.00322 


0 

0 


© 


0 11 


2 28 



Table 1 o 

The total aeflection was then obtained over a 90 cm path by com“ 
puting the deflection caused by the -45 to - 15cm incremental area, 
then since this deflection is opposite to that caused by the -15 to 
zero cm area it must be subtracted from the deflection caused by the 
later area, etc; a graphical sketch of the process is shown in figure 
12 ( not drawn to scale due to the size of the angles involved),, The 
deflection over 90 cm with 28 milliamperes in the large coil is then; 

— 4 -.12: cm 

Since from zero to 2»8 amperes were in the coil ( see section 7 y, 
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some deflc^ction of the beam shoula have been indicated on the indicator 



if the electron beam v.ere focused o 



/ 

y 

/ 
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fig«12 

The deflection of the electrons by the thermocouple end v*ire loop 

can be computed in a like manner.. Since the emf of the thermocouple at 
^ 0 

323 k was computed to be 5»3 x 10 volts ( iil ) and the resistance of the 
wire loop and thermocouple was I 3 . 1 ohms then solving for % 

1/vhere : 

M = one 

a=i 0 OO 5 meters 
Is 4,05 X 10 'amperes 
Yields ; 

-7 

B^s 3«64 X 10 gauss 

In order to determine b^, the scaling factor of 7<.8V is multiplied 
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by the raaius oi the loon. Thue the niaj-xietic fielu is effective over 
3.93 centimeters insteaa of 90 cm as v.ith the large coil. Proceeding 
in the same manner as before, the deflection over 3»93 cm is computed 
to be ( see table 2 anu fig. 13 )« 

<f 1.31 X lU ^ cm 



r to r 


-I .968 to -. 636 cm 
+ .656 to 1.968 cm 


-.63b to zero cm 
zero to . 636 cm 


b ( Uauss ; 
a 


.133 X 10“'' 


-7 

2.b2 X lU 


V cm/sec 


.358 


3.03 


tan 0 


.384 X 10"^ 


.326 X 10 "^ 


0 


-8 

2.21 X lU degrees 


18 08 X lu aegrees 



Table 2 
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The ael’Iect^on oT the electron bean botv.cen the loop cna the inai- 
cator v/ill be greatei* than 1«27 x lu cm hov^evei*, because the loop and 
indicator are separated by 4l<>5 cmo 
Therefore; 

= cT - 3 . 92/2 ) tan 



V.here : 



cT^* lo 31 X lU ^ cm 
-B 



tan = Oo 58 X 10 

^ ^ total deflection of beam by the wire loop 

Yields : 



C -3 

^ 24 . 0 2 X 10 cm =r 2 o 4^ X 10 microns 

The deflection of the electron beam by the wire loop as computed 
above is very small ana if the deflection is to be detected at the in- 
dicator^ the beam of electrons must be very well focused or the change 
in intensity on the indicator plates will be too small to be detected 
by the galvanometero Since the beam of electrons could not be focused^ 
it now' becomes apparent why the loop failed to indicate a deflection on 
the galvanometer. 

The deflection of the electron beam by the proposed thermocouple 
loop must be computed on a theoretical basis alone since the thermocou- 
ple Could not be constructed and the parameters could could not be de- 
termined experimentally. 

Assiiming that the thermocouple loon is constructed such that the 
radius of the wires is 10 microns^ the loop diameter 60 microns, and 
that the Ik source is at 300 ^ K with an airibient temperature of 299^ k, 
then from page 26 of Boakes ( see footnote 6 ) the thermocouple current 
is 500 micro aiaperes ( The theoretical deteriidnation of this 

value involved some 20 pages by LT. boakes anais accepted by the author 
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as a reasonable value 



Proceeding in the same manner as before ana solving for 
Vihere : 

N r one 

a s 30 X 10 meters 

1=300 yua 

Yields : 

a ^ 7 o 4 X 10 Gauss 
c 

Solving for the deflection over the scaled path length of 2o36 x 

“2 

10 cm ( see table 3 and figo 14 ) * 

r “7 

^ = o91b X 10 cm 

The total deflection between the thermocouple loop and the indi- 
cator is then; 

-f ( 41o3 ” v0236/2 ) tan 6^=2o?2 microns 



ri to 


-«0117 to -.0039 cm 
-f.0039 to +.0117 cm 


-.0039 to zero cm 
zero to +.0039 cm 


( Gauss ) 


.00315 


0O532 


Av ( cm/sec ) 


432 


3,640 


— 5 

Tan { xlO ) 


.0465 


.391 


id ( X 10“^ ) 


2 . 68 ° 


22.4° 



Table 3 
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9. bummary and Conclusions s 

Ihe lit uetector Vvas constructed ana experimental determinations 
of the themocouple and magnetic field parameters vv-ere made^ Ihe fail- 
ure 01 the electron gun to focus the electron beara precludea ahe final 
experimental determination of the feasibility of the lit detectorc 

Ho’wever the folloKing conclusions can be made concerning the IK 
detector ana its components: 

ao The thermocouple used v,as less sensitive to IK than the pro=» 
posed thermocouple as the measured current in the themocouple used 
was much less than the current calculated by Lto boakes for the pro-- 
posed thermocouple o 

bo The wire loon and an external themocouple left much to be 
desired as the proposed thermocouple mounted internally yielded a much 
larger calculated deflection of the electron beamo 

Co The design of the indicator was successful as it was capable 
of experimentally measuring c 0 U 034 o£ incident electron intensity 
ana this should be sensitive enough to be used as an indicator of e^ 
lectron beami deflection « 

do The vacuum system constroicted was capable of providing the 
mean free path required for the electron beam to reach the indicatoro 
eo I'^ith the use of a better designed electron gun to provide 
good focusing of the electron beam and use of the proposed thermo- 
couple^ the lit detector should be feasibleo 
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lO 0 ite commendations o 



bince the final experimental ue terrains tion of the li; uetector fea- 
sitility depenus on the use of a better thermocouple and electron gun^ 
it is reccminenaea that they be constructea and used in the system. 

Unfortunately the author has no recommended solution to the theimo'- 
couple flux problem ana this Kill have to be left as a problem to be 
solved before the proposed theimocouple can be constructedo 

However^ an electron gun design has been located Khich has been 
used successfully to produce a collimated Iok velocity oeam of elect- 

7 

ronso 







uaviason ana Gemer, The refraction of xilectrons by a Crystal of 
Lickel, Physical nevievv', Vol 3G, ho 6, p» 705 December 19^;7» 
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The electron gun consirts of a tungsLen filajnent located in front 
of five aperatures to collimate the electron bear..o hote that there is 

no indirectly heated cathoue to te convex-teuo The tungsten filament F 
lies in a rectangular opening in a nickel plate Pj_o The purpose of this 
plate is to assist in concentrating the emission from the filamient onto 
the opening in plc.te P20 The potential of plate P]_ is more negative 
than that of the filament and the potential of ?2 is adjusted to a rat- 
her high positive value* Plates P^ ^ P^^ are maintained at the 

same potential as the wall of the electron gun* The difference in the 
potential between the last three plates and the filament determines the 
speed of the emergent beam* 

The gun as described was tested by Javidson and Germer and founa 
to give a homogeneous beam with accelerating potentials between 54 
and 248 voltso For this reason^ it is recommenaed that this gun be 
constructed and utilized in the IK detector* 
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